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METHOD FOR INJECTION-MOLDING INSERT-CONTAINING RESIN 

GEAR 

(57) [Abstract] 

[Problems] In molding an insert-containing resin gear by an injection molding 
method, to prevent generation of voids and to achieve a dimensional stability of 
teeth while improving appearance. 

[Means for Resolution] In a method for injection molding an insert-containing 
resin gear having a resin layer for forming gear teeth to an outer periphery of 
the insert, a molten resin is injected in an injection mold 1 from 5 or more pin 
gates 3 in a state such that an insert 2 is supported at a central part of a cavity 4 
of the injection mold 1, and the molten resin injected with a distance between 
each of the pin gates 3 and the insert 2 being set to 0.5 mm or more is once 
collided to the insert and then sent to a tooth portion of the outer periphery of 
the insert. 

[Claims] 

1. An injection molding method of an insert-containing resin gear, 
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characterized in that in a method for injection-molding an insert-containing 
' resin gear having a resin layer for forming gear teeth to an outer periphery of 
the insert, a molten resin is injected in an injection mold from pin gates in a 
state such that the insert is supported at a central part of a cavity of the 
injection-molding mold, and the molten resin injected is once collided to the 
insert and then sent to a tooth portion of the outer periphery of the insert. 

2. The injection molding method of an insert-containing resin gear as 
claimed in claim 1, wherein a distance between the pin gates and the insert is 0.5 
mm or more. 

3. The injection molding method of an insert-containing resin gear as 
claimed in claim 1 or 2, wherein the number of the pin gates is 5 or more. 

4. An injection molding method of an insert-containing resin gear, wherein 
the position of the pin gate is 0.8D or less from the center of a circle when a 
circle diameter at a tooth tip of the resin gear after molding is D. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an injection molding method of an 
insert-containing resin gear, and in particular, it relates to a method for 
producing an insert-containing resin gear such as a worm wheel used in an 
electric power steering of an automobile, by injection-molding using pin gates. 

[0015] 
[Example] 

Comparison results of the insert-containing resin gears molded using the 
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details of each gate of Fig. 1, Fig. 2 and Fig. 3 shown below are shown. 
1 (Details of each gate) 

(1) Number of pin gates: 3, gate position: portion near the teeth of gear (Fig. 1) 

(2) Number of pin gates: 5, gate position: position of <j>0.8D in PCD ((|>D: circle 
diameter at tooth tip of resin gear), distance between gate and insert: 0.3 mm 
(Fig. 2) 

(3) Number of pin gates: 5, gate position: position of <|>0.8D in PCD, distance 
between gate and insert: 0.5 mm (Fig. 3) 

[0016] 

Using each gate of the above (1), (2) and (3), nylon 66 as a resin material 
and iron as an insert material were molded under the general molding conditions 
of nylon 66 (resin temperature: 270°C, mold temperature: 80°C, injection time: 
1.0 second, injection pressure: 150 MPa, cooling time: 20 seconds, molding cycle: 
1 minute) to obtain an insert-containing wall-thick resin spur gear having a 
module of 2.5, a circle diameter at tooth tip of 90 mm, an insert outer diameter 
of 70, and an insert inner diameter of 25. Each spur gear obtained was 
evaluated on state of voids, stability of a circle diameter at a tooth tip, and 
appearance by the following evaluation methods. The results are shown in 
Table 1. The case of using the conventional disc gate is also shown as a 
reference example. 
[0017] 

(Evaluation method) 

(a) Confirmation of voids 

The resin gear was cut at the center (position of 8 mm) of a thickness 
direction in a circumferential direction, and voids were visually confirmed. 
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Insufficient holding pressure, and resin temperature at cooling initiation are 
considered as the cause of voids. Therefore, to specify the cause, history of 
resin temperature was chased. (See Table 2) 

(b) Measurement method of tooth tip circle diameter 

17 points (all tooth tip circle diameters on the circumference) in Fig. 4 
were measured. In the drawing, a thin solid line is the case of the conventional 
product using disc gates, a thick solid line is the case of using the pin gates of Fig. 
1, and a dotted line is the case of using the pin gates of Fig. 3. 

(c) Confirmation of appearance 

Appearance state of the resin portion was confirmed. 



[0018] 
[TABLE 1] 





Disc gate 


Pin gate 1 


Pin gate 2 


Pin gate 3 


Voids 


Size 


Fine 


Fine 


Fine 


None 




Form 


Continuous 


Continuous 


Closed 


None 




Judgment 


X 


X 


X 


o 


Tooth tip 


Size 


Within 


Outside 


Within 


Within 


circle 




standard 


standard 


standard 


standard 


diameter 


Judgment 


o 


X 


o 


o 


Appearance 


State 


Good 


Jetting 
pattern 


Good 


Good 




Judgment 


o 


X 


o 


o 



[0019] 

As is seen from the above Table 1, it is recognized that voids occur in all 
cases except for pin gate 3. Further, the tooth tip circle diameter in pin gates 2 
and 3 is satisfied with a size necessary on the function as a gear, but that of pin 
gate 1 was outside the upper limit standard of the necessary size on the function. 
Further, regarding the appearance, only pin gate 1 was poor. 
[0020] 
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As a trace of history of a resin temperature, the resin temperature was 
' measured at the tooth portion on the surface opposite the gates, and the results 
are shown in Table 2. Peak resin temperature reaching time in the Table was 
measured as time of the injection initiation being 0 second. 
[0021] 



[TABLE 2] 





Disc gate 


Pin gate 1 


Pin gate 2 


Pin gate 3 


Peak resin temperature 


270°C 


260°C 


240°C 


240°C 


Peak resin temperature 
reaching time 


40 seconds 


10 seconds 


10 seconds 


10 seconds 



[0022] 

It is seen from the above Table that the peak temperature in the disc 
gate and pin gate 1 is high as compared with pin gates 2 and 3. Further, despite 
that the peak temperature was low in pin gate 2, voids generated although fine, 
as shown in Table 1. This appears to be due to an insufficient holding pressure. 
[0023] 

From the above results of the practicing state, it is understood that pin 
gate 3 does not have the problem on the function of gear regarding the size, 
voids are not confirmed, there is no problem on appearance, and the method is 
extremely effective. Further, pin gate 2 is that closed air bubbles although 
being fine are confirmed in the circumferential direction at the central portion 
of thickness, but there is no problem on size and appearance. Therefore, it is 
considered that disadvantage on the practical use is less as compared with the 
cases of the disc gate and pin gate 1. 
[0024] 

[Advantage of the Invention] 



As mentioned above, the present invention is that in a method for 
injection-molding an insert-containing resin gear having a resin layer for 
forming gear teeth to an outer periphery of the insert, a molten resin is injected 
in an injection mold from pin gates, and the molten resin injected is once 
collided to the insert and then sent to a tooth portion of the outer periphery of 
the insert. Therefore, dimensional scattering due to the position of tooth does 
not substantially occur, and the problem on the function is quite solved. In 
addition, voids almost disappear. In particular, when 5 or more pin gates are 
used and the distance between the gates and the insert is 0.5 mm or more, voids 
completely disappears, and on appearance, jetting pattern does not occur on the 
surface portion. Thus, the effect capable of obtaining good appearance is 
expected. Further, when the number of pin gates is 5 points or more, the 
distance between the gates and the insert is 0.5mm or more, and also the position 
of the pin gates is 0.8D (D is a tooth tip circle diameter) from the center of the 
tooth tip circle, the above effect is most exhibited. 
[Brief Description of the Drawings] 

Fig. 1 is a reference view showing the position of pin gates and the inside 
of a mold containing an insert, in an injection molding method, wherein (a) is a 
front view, and (b) is a side view. 

Fig. 2 is a reference view showing the position of pin gates and the inside 
of a mold containing an insert, in the present invention, wherein (a) is a front 
view, and (b) is a side view. 

Fig. 3 is other examples showing the position of pin gates and the inside 
of a mold containing an insert, in the present invention, wherein (a) is a front 
view, and (b) is a side view. 
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Fig. 4 is an explanatory view showing measurement portion in the 
•measurement of a tooth tip circle diameter. 
[Description of Reference Numerals and Signs] 
Injection mold 
Insert 
Pin gates 
Cavity 
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